Abstract: Environmental legislation is increasingly changing its focus from manufacturing-oriented to product-oriented instruments. Compliance with product-related environmental legislation is achieved by the incorporation of environmental requirements into the early phases of the product development process (PDP). Nevertheless, the deployment of product-related environmental legislation into product requirements is still a challenge. This study followed an inductive approach to propose a guideline to support the identification, analysis and deployment of product requirements based on product-related environmental legislation. The guideline is composed of nine steps, clustered into three groups according to their main objective: (A) identification of environmental product-related legislation; (B) identification of legislative topics to be considered for the deployment of requirements; and (C) creation and validation of product requirements. The product requirements deployed are to be considered during the PDP. The guideline was evaluated in an expert consultation in a large manufacturing company, suggesting that it can be used to support the systematization and deployment of product-related environmental requirements.
Introduction
Due to a growing concern related to resource consumption and the generation of post-consumer waste, environmental legislation is increasingly changing its focus from end-of-pipe approaches, with focus on the manufacturing processes, to a life cycle perspective [1, 2] with focus on the developed products. The life cycle perspective focuses on the minimization of the environmental impacts across the entire products' life cycle, from raw material extraction and manufacturing to use and end-of-life. One of the first policies with a life cycle perspective in the European Commission was the "Integrated Product Policy" (IPP) [3] , which established the ambition to improve the environmental performance of products across their life cycle, back in 2001. Some examples of other European product-related regulations include:
‚ "Registration, Evaluation, Authorization and Restriction of Chemicals" (REACH) [4] : aims at improving the protection of human health and the environment from the risks that can be posed by chemicals; ‚ "Waste Electrical and Electronic Equipment" (WEEE) [5, 6] : aims to prevent the generation of waste electrical and electronic equipment (WEEE) and increase its recyclability rates;
‚ "Ecodesign Directive" [7] : establishes a framework for the setting of ecodesign requirements for energy-related products; ‚ "Energy Labeling Directive" [8] : discusses the indication by labeling and standard product information of the consumption of energy and other resources by energy-related products;
‚ "Action Plan for the Circular Economy" [9] : aims at "closing the loop" of product life cycles through greater recycling and re-use, bringing benefits to both the environment and the economy.
In order to ensure legislative compliance with the product-related environmental legislation, manufacturing companies are increasingly required to integrate environmental product requirements into the early phases of the product development process (PDP), where the highest opportunities to increase the products' environmental performance are. Consequently, product-related environmental legislation became an important driver for the consideration of environmental issues during product development, i.e., for ecodesign implementation [10] [11] [12] [13] [14] . Ecodesign is a managerial approach that aims at improving the environmental performance of products by integrating environmental best practices into the product development and related processes (such as marketing, manufacturing, supply chain management, etc.) [15] [16] [17] [18] .
The deployment of product requirements from the environmental product-related legislation is crucial [15] to ensure that the legal issues will be properly considered during product development [19] . Currently, literature exists on the deployment and management of product requirements [20, 21] based on the products' environmental performance [22] and customers' and stakeholders' needs [23] [24] [25] , but limited focus has been addressed to deploying requirements from product-related legislation. Ensuring product-related environmental legal compliance is still a challenging task, especially due to the constant update and creation of new legislation [26] , complex and multifaceted legal language, and the identification of relevance of legislation to the developed products and to the overlapping of requirements among different legislation in different regions (such as REACH [27] and the New Chemical Substances in China [28] ).
Several research attempts have been made to understand how specific legislation can influence businesses activities in a set of sectors, such as automotive [29, 30] , textiles [31] , cosmetics [32] , naval [33] , electronics [34, 35] , metalurgy [36] , chemicals [37] , pulp and paper [38] , minerals [39] , automotive [19] , agri-food [40] , industrial waste management [41] , etc., has been performed in recent years. Nevertheless, there is a lack of an overall approach to guide companies across sectors to ensure compliance in a formalized and systematic way.
In a recent study, the maturity profile of a set of large manufacturing companies, from a varied set of industrial sectors, was evaluated by means of the Ecodesign Maturity Model (EcoM2) [42] . The results indicate that few companies have a formalized and monitored approach for the identification, analysis, and deployment of product-related environmental legislation into product requirements. The majority of companies still presents a non-systematic and ad hoc approach, based on subscriptions to legal databases for identification and expert consultation during the PDP. In most of the cases, legal texts are directly provided to designers and engineers, without a proper translation into product requirements.
In this context, a methodology to deploy requirements from the product-related environmental legislation is needed, enabling compliance and long-term competiveness for manufacturing companies [43] . This paper proposes a methodological process (guideline) for identifying, analyzing, and evaluating current environmental product-related legislation and for deploying product-related environmental requirements.
The intended audience is composed of ecodesign managers, EHS (Environment, Health and Safety) consultants, legislative compliance experts, and product designers and engineers. The main purpose is to provide a step-by-step approach to managing product-related environmental compliance. In addition to ensuring a more efficient and effective process in deploying product requirements, the guideline could also support companies to avoid business and environmental risks related to non-compliance and longer development times, directly linked to time to market.
The paper focuses exclusively on product-related environmental legislation-manufacturing and process-related legislation was not part of the scope of this paper, although some of the steps might apply in this context. Section 2 presents the methodology employed to carry out the research. The guideline for the deployment of environmental product-related legislation into requirements is presented and discussed in Section 3. Section 4 presents the results of the evaluation of the guideline in a large manufacturing company. Conclusions and final remarks are presented in Section 5. Acknowledgments are presented after Section 5, being followed by the references.
Materials and Methods
The inductive approach [44] has been selected as the main research framework for the development of this research, and grounded theory [45] was employed as a methodology to consolidate the guideline. The inductive approach begins with detailed observations of the research context and the studied phenomenon; theories are formulated towards the end of the research based on empirical generalizations. Grounded theory is an inductive methodology that systematizes the generation of theory from systematic research that leads to the emergence of conceptual categories.
The applicability of the developed guideline was tested in an expert interview carried out in a large manufacturing company, which is in a highly regulated industry. The research was carried out in four main phases, as described in what follows. The first phase of the research aimed at identifying environmental product-related legislation databases, as well as sources of trends on the creation of new legislation. The research focused on the search for environmental product-related legislation in Brazil, the European Union (EU), and the United States of America (USA). While EU countries are often recognized as pioneers in the creation of environmental product-related legislation, the USA is increasingly launching relevant environmental product-related legislation. Brazilian legislation was also included in the scope as an example of legislative requirements in a developing country. The identification of databases was performed based on an online search using a varied set of keywords (such as "legislation database", "environmental legislation", and "product legislation") including governmental websites and websites from institutes or companies specialized in legal and/or environmental issues. The search resulted in the identification of databases for obtaining legislation related to any environmental issues, not limited to product-related legislation. Analyses of the identified databases were then performed to identify databases with information regarding product-related environmental legislation. Subsequently, specific environmental product-related legislation were identified by a search in the selected databases, so as to understand the search process that companies would go through. The identified legislation include, for example, the WEEE Directive [46] ; Restriction of Use of Certain Hazardous Substances (RoHS) [47] ; REACH [27] ; and the Brazilian National Policy for Solid Waste [48] .
The second phase of the research dealt with the development of the guideline following an inductive approach: The theory (or the guideline) was developed based on the practical deployment of requirements for two similar environmental product-related legislation (National Policy for Solid Waste [48] and European Directive 2008/98 [49] ), following state-of-the-art best practices for requirement deployment. Special focus was taken on the contextual differences to be addressed for product-related environmental legislation. The analysis aimed to identify the main topics to be considered in applying the selected laws, including the goals, legal and economic principles, obligations, prohibitions, and incentives. The deployment of requirements was based on the best practices in the literature for requirement deployment and management in product development.
Based on the previous results and lessons learned during steps 1-2, a guideline that could assist companies in identifying, analyzing, and deploying product requirements from a varied set of environmental product-related legislation was developed in the third phase of the research.
Finally, in the fourth phase of the research, an evaluation of the proposed guideline was performed based on an expert consultation in a large manufacturing multinational company following a qualitative face-to-face interview [50] . Company selection was performed based on the complexity of the legislative environment-especially in terms of product-related environmental legislation. The evaluation was supported by a semi-structured questionnaire [50] , which aimed to evaluate the relevance of the proposed steps. During the study, the company representatives described with great level of detail how each step was currently being applied at the company and discussed the relevance of the proposed steps in the guideline.
The expert consultation aimed at providing a first understanding of the applicability of the guideline in an organizational context, and to identify critical attention areas to be monitored and checked during the development of detailed case studies. The next step of the research, which is beyond the scope of this article, is related to the application of the guideline in multiple case studies to identify improvement opportunities and refine the steps.
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The proposed guideline for the deployment of product requirements from product-related environmental legislation is divided into three groups and nine steps ( Figure 1 ). Each group and step is further described in the subsequent sub-sessions. 
Group A-Identification of Environmental Product-Related Legislation
The identification of the relevant legislation is a key point for the deployment of product requirements, and can be challenging due to the large number of existing legal issues and outdated virtual databases [26] . Two steps compose this group: selection of sources of legislation and trends (Section 3.1.1); and identification of trends and legislation update (Section 3.1.2).
Step 1-Selection of Sources of Legislation and Trends
The first step aims to identify the available databases and sources of legislation. Companies should focus on legislation databases or official national webpages from the countries of interest, i.e. countries in which the company operates and commercialize their products. Databases can be easily found via Internet searches using common keywords, like environmental legislation or product legislation. The company should guarantee the credibility of the identified legislation databases by Guideline for the deployment of product requirements from product-related environmental legislation.
Group A-Identification of Environmental Product-Related Legislation
Step 1-Selection of Sources of Legislation and Trends
The first step aims to identify the available databases and sources of legislation. Companies should focus on legislation databases or official national webpages from the countries of interest, i.e., countries in which the company operates and commercialize their products. Databases can be easily found via Internet searches using common keywords, like environmental legislation or product legislation. The company should guarantee the credibility of the identified legislation databases by choosing, for example, databases from governmental agencies or institutes/companies specialized in environmental legal issues.
Examples of databases in which product-related environmental legislation can be identified in the three studied regions are: "LexML" (Brazil) [51] , "National Conference of State Legislatures" (USA) [52] ; and "Summaries of EU Legislation" (EU) [53] . Other specific examples include "enviroCentre.ie" (Ireland) [54] , "FOEN-Federal Office for the Environment" (Switzerland) [55] , and "Ministry of Agriculture, Food and Environment of Spain" (Spain) [56] . There are also some paid tools which allow for the identification of the relevant legislation, such as "EIA-TRACK" [57] (provides services to support companies to monitor current and emerging global regulations); "Compliance to Products" (C2P) [58] (guides business through updates on current legislation), and "Lema Ambiental" [59] (contains a database of Brazilian environmental legislation and provides monthly reports that indicate changes/additions/withdrawals).
Knowledge of the trends in developing or amending legislation enables the company to better adapt to the changes. Examples of databases for the identification of trends are: "ETHOS Institute" (Brazil) [60] ; "European Commission" (EU) [61] , "Earth Trends" (USA) [62] , "Meio Ambiente Industrial" (Brazil) [63] , "Buscalegis" (Brazil) [64] , and "NIPR-New Ideas in Pollution Regulation" (USA) [65] . Most of the paid tools cited in the previous paragraph can also be used for the identification of trends. Participating in organizations involved in creating or updating legislation and of sector associations, which are constantly being updated with regard to the legislation related to the sector, is also recommended.
Step 2-Selection of Relevant Legislation
In order to select the relevant legislation, all environmental legislation related to the environmental performance of the company's developed products should be identified for all countries of interest. The search should be performed on the identified databases in the previous step, and a cross search should be carried out in order to include legislation that other legislation mention [17] . Subsequently, the legislation needs to be assessed in regard to its relevance, considering the characteristics of the developed products and of the company. The relevant legislation will be those that can potentially affect the development of a company's product and the products' technical characteristics (e.g., legislation dealing with the substances in the product composition, recyclability rates of the materials used in the product, energy efficiency of the product during use phase, etc.).
Relevant legislation can be identified from their descriptions, subjects, affected products, and/or sectors. The databases of legislative texts and trends are often structured in different ways and count a large variety of search engines/features. Some examples of search engine features usually presented in those databases, which can support the identification of relevant legislation and trends, include: country, industrial sector, product category, enforcement year, keywords, similar legislation, topics, and themes. The classification of the company/product according to those categories can support the identification of relevant legislation and trends.
The search for relevant legislation should be redone periodically, as well as the search for databases, due to the constant update and creation of new legislation, so as to be able to manage the evolution of legislation over time [66] . In this sense, there must be a continuous process in place for the identification of relevant legislation.
Group B-Identification of Potential Legal Issues
After identifying the relevant legislation (Section 3.1), it is important to identify the topics of legislation that affect each part of the organization in order to ensure legal compliance. These topics consists on all the meaningful statements of a specific legislation, as its obligations and prohibitions.
This group is composed of two steps: analysis of the relevant legislation and topics (Section 3.2.1); and extraction of traceability (Section 3.2.2).
Step 3-Analysis of the Relevant Legislation and Topics
The analysis of the relevant legislation aims to identify all the topics in the legislation and to increase understanding about them, since the language used in legal texts is often complex [67] . The topics comprise the set of objectives of the legislation; legal and economic principles; obligations; incentives; and prohibitions. The detailed analysis of the selected legislation focus on their recommendations and selection of the legal topics (all objectives, legal and economic principles, obligations, incentives, and prohibitions of the legislation). The topics for each selected legislation should be organized, analyzed, and enumerated, allowing an easy identification and track of them.
After the analysis and enumeration of the topics of each relevant legislation, it is necessary to identify the specific topics that potentially influence the company's product development [68] . In other words, the relevant topics are those in which the legislation could affect the definition of requirements on how a particular product should be developed or managed throughout its life cycle. The promotion of recycling, as encouraged by the Brazilian National Policy for Solid Waste [48] , for example, could be achieved by employing recyclable materials in the product composition. This would imply, for example, on the development of requirements related to the use of recyclable materials, which would needto be considered in the early phases of the product development process (e.g., during material selection). On the other hand, encouraging the selective collection service does not necessarily require changes on the product or its project.
After identifying the relevant topics to ensure compliance, it is necessary to conduct an assessment with respect to overlaps between the selected topics. That is because the selected topics may refer to the same subject many times. If topics are found with the same subject, one should opt for the topic with wider coverage. The topics that are relevant to the company PDP should be filtered in order to separate the topics that will be worked out for the deployment of product requirements from the rest.
Step 4-Extraction of Traceability
It is important to maintain the traceability of the selected topics of legislation in order to ensure the correct meaning of the legal text and avoid misinterpretations [66] . In this sense, it is suggested that the source and the "schema" of the identified topics are kept. The "schema" is the definition of the structure of the text in the document, containing a set of components such as the section of the chapter and paragraph [69] . The basic idea of this step is to enable product developers, engineers, and other relevant stakeholders to have access to the legal text in case there are specific questions related to the requirements formulation and/or contextual background. In other words, it means adding the reference of the legal text (section, chapter, and paragraph) to the requirement.
Group C-Deployment of the Product Requirements
The deployment of product requirements from legislation should be supported by a member that has knowledge of the company's portfolio of products, the products' characteristics, and the development process. This group is composed by five steps: definition of the rationale (Section 3.3.1); classification of legislation and definition of the obligatory requirements (Section 3.3.2); elimination of ambiguity and clarification of unfamiliar terms (Section 3.3.3); consolidation of the requirements and consistency check (Section 3.3.4); and comparison of the requirements (Section 3.3.5).
Step 5-Definition of the Rationale
During the requirements definition, it is important to be able to understand not only "what" should be done and "how" to do it, but also "why" this should be done [70] . In this context, it is important to develop an explanation to justify the importance of the requirement (the rationale). To define the rationale, the team in charge for the definition of requirements needs to elaborate an explanation on why the selected topic impacts the company's PDP and the importance or advantage, beyond legal compliance, to comply with such legislation.
For example, the topic "Take the necessary measures so that the production, collection, and transportation of hazardous waste, as well as its storage and treatment, are carried out in conditions that ensure the protection of the environment and human health, including measures to ensure traceability from production to the final destination, and control of hazardous waste" from the Directive 2008/98/EC [49] could be presented in the following rationale: "Leads to the establishment of management systems for hazardous waste management throughout the life cycle consistent with the protection of environmental and human health and to ensure the traceability throughout its life cycle".
Step 6-Classification of Legislation and Definition of the Obligatory Requirements
An important classification of the legal topics is according to its obligation once the legislation often defines not only obligations, but also initiatives that are supported by them. There are different degrees of obligation in a legal sentence [69, 71] , so that the requirements should be classified into required or desirable, according to the statements of the legislation. The required ones are those topics with which the company needs to comply. On the other hand, the desirable ones are those with which the company do not necessarily need to comply, but it is recommended to do so.
It is also necessary to clarify what is written in legal texts; in order to do that, it is possible to classify the topics according to the Hohfeld's taxonomy [66] [67] [68] 70 ]. This taxonomy is based on eight elementary concepts: privilege, claim, power, immunity, "no-right", duty, liability, and disability [66, 67, 70] . According to the verb on a legal topic, it is possible to classify it, according to Hohfeld, so as to be able to identify whether the legal text expresses a duty or a right [67] . If the topic to be considered in a legislation has sentences with the verbs "shall, must, is required to, has to, shall not, must not, do not have right to, . . . ", the requirement can be classified as duty, liability, "no-right", or disability, and the requirement will be obligatory [69] . On the other hand, for the verbs "may, has the right to, . . . ", the forthcoming requirement can be classified as claim, power, immunity, or liberty [67] , and the requirement will be desirable. In some cases, the legal topic has no verb. In this case, the classification followed the nomenclature of the legal text itself, classifying the topic as an objective; a principle; an obligation; an incentive; or a prohibition. The objectives, principles, obligations, and prohibitions are considered required, and the incentives are considered desirable.
Step 7-Elimination of Ambiguity and Clarification of Unfamiliar Terms
Besides being generic, another feature of the language used in legislation texts is that it is often ambiguous. Legal ambiguities can be intentional or unintentional [66] . For this reason, legislation are usually accompanied by other documents that provides support on how to interpret it [66] . These documents can be used to better understand the legislation, but caution must be taken when using such materials, since they may have been created by other organizations than the government agencies that have enacted the legislation [66] . In this sense, they may not have the same position as the agencies that enacted it, or may contain misinterpretations of the original text [66] .
If these documents do not help in the disambiguation of a given topic, or if there are no documents like these available, interpretations of the legislation must be established. Sometimes it will be necessary to make decisions and perform interpretations of legislation for its deployment to be possible [66] . The maintenance of the traceability of the item concerned with the section where it was taken is very important [66] , since it facilitates this query. The interpretations will vary according to the company, and whenever necessary, experts should be involved.
Another difficulty that can appear when dealing with legislation is that it is common to find unfamiliar terms [66] . Those responsible for drafting product requirements must know and understand the legal text [72] . To start this understanding, the formulation of a glossary of all specific definitions can be essential. In general, the glossary should contain important definitions and concepts defined by the legislation. Besides these, other definitions may be necessary for understanding the text. For each search term, it is important to add your definition to the glossary. At the end of the elaboration of requirements, it is important to keep the glossary prepared in the event that a review of these requirements is needed.
Step 8-Consolidation of the Requirements and Consistency Check
The legislation dictates the requirements of companies [73] , but one must know how to define what is required for the company. The standard for the definition of requirements is to follow the subject-verb-object (SVO) structure in a sentence, in which the subjects come in first, verbs second, and objects third [67] . In order to consolidate the requirements, it is necessary to answer the following questions: (i) Who should do this? (ii) What should be done from this passage of legislation? and (iii) How should this be done? For example, the answers for the questions for the legal topic "Take the necessary measures so that the production, collection, and transportation of hazardous waste, as well as its storage and treatment, are carried out in conditions that ensure the protection of the environment and human health, including measures to ensure traceability from production to the final destination, and control of hazardous waste" are: (i) every company; (ii) being able to establish a management system for hazardous wastes and maintain its traceability; and (iii) with technical and economical capacity. From the answers to these questions, it is possible to build a requirement for each relevant topic that determines what should be done, by whom, and how. For the example above, the determined requirement is "Every company should establish a system for the management of hazardous waste, allowing traceability and control of them throughout their life cycle".
In Directive 2008/98 [49] , for example, the topic "Waste management plan may contain a review of the usefulness and suitability of economic instruments and other tools for solving various problems related to waste, taking into account the need to maintain the smooth functioning of the internal market" has as answers to the question "Who?": "any enterprise"; for the question "What?": "to reduce the products' environmental impacts in order to get incentives"; and for the question "How": "to develop products with lower environmental impact throughout the life cycle, use cleaner technology, etc.". After determining the required action, it is possible to propose the requirement for taking into consideration the selected relevant topic of legislation. The standard for the definition of requirements is to follow the SVO phrase structure, in which subjects come first, and is followed by the verb and objects [67] .
After defining the requirements, it is important to perform an analysis of the requirements, examining them with respect to consistency (the requirement must be easily verifiable), structure (to check if the requirement follows the SVO structure), completeness (to ensure that there is no important information missing), verifiability (the requirement must be easily verifiable), clarity (to ensure that the text is written in a simple, unambiguous, and non-confusing way), and feasibility (the implementation of the requirement should be viable). After checking, it will be possible to classify the legal requirements into two sets: legal requirements ready to implement [74] ; and legal requirements that need refinement [74] . The requirements that comply with all the items (consistency, duplicity, structure, completeness, verifiability, clarity, and feasibility) are ready to be implemented, while the requirements that violate any of the items are not ready to be implemented. The refinement can be obtained by reworking the requirement or through consultations with experts in the legal field [74] .
Step 9-Comparison of the Requirements
In the end, there is the need to identify whether there are similar requirements of different legislation in order to combine them to get a compact list of requirements to be applied. This is especially relevant for product-related environmental legislation.
The first activity is to identify the requirements that are about the same subject and to analyze which of the requirements is the most comprehensive. If there is a duplication of requirements of the different legislation analyzed, the most complete one should be adopted [71] . If the duplicated requirements are complementary, both must be excluded, and a new requirement should be developed from both.
After defining the requirements, the product development pipeline must be analyzed in order to identify in which development projects the requirements need to be taken into account. The projects affected should be amended to ensure compliance with the elaborated requirements. Furthermore, the defined requirements must be added to the PDP procedures for the requirement definition. By satisfying the defined requirements, the company will be also complying with existing legislation. It is important to remember that the identification of upcoming legislation should be performed periodically, and the requirements must be updated accordingly. The timeframe and required resources to revise the legislation depends on a set of contextual and organizational criteria, such as geographical scope and markets, complexity of the developed products, market/legislative dynamism, and compliance load of the industrial sector. The definition of periodicity for legislation updates, therefore, must be defined on a case-by-case basis based on the evaluation of the aforementioned criteria. The identification of new legislation, deletion, and modification of old legislation imply a redefinition of requirements based on the changes.
The proposed guideline is mainly focused on the identification, analysis, and deployment of requirements from product-related environmental legislation. Compliance will only be ensured with a proper requirement management during product development. In this sense, the communication of the requirements in the organization and follow-up/monitoring of compliance with the requirements during the PDP are essential steps to be taken. It is our hypothesis that the normal procedure for requirement management is applicable for product-related environmental requirements.
Discussion and Evaluation of the Proposed Guideline
The proposed guideline, presented in Section 3, was evaluated in an expert consultation with the group of Design for Environment, responsible for environmental product-related legislative compliance, of a large manufacturing company that develops and manufactures transportation means. The company was selected based on the highly regulated environment it is inserted on.
The expert consultation aimed to evaluate whether the set of steps proposed is useful to support companies in identifying, analyzing, and deploying environmental product-related legislation into product requirements, and to understand to what extent the proposed steps are currently being applied by the company.
The evaluation meeting comprised the presentation of the proposed guideline, the evaluation in light of their relevance and clearness, the analysis of which activities of the company are similar to the steps, the identification of the reasons why some steps are not applied, and the analysis of the feasibility of these steps. The results of the evaluation by the expert consultation are presented in Table 1 .
The group of Design for the Environment of the company considered that the guideline can potentially support the identification, analysis, and deployment of environmental legislation on product requirements for companies aiming to comply with product-related environmental legislation. The proposed guideline was considered suitable to the industrial segment analyzed, which is highly regulated.
The group considered that the guideline is, in general, simple to understand. Furthermore, the group believes that, as the guideline consists of a systematic process, its application would permit the achievement of the same results that they currently achieve in the development of product requirements in a shorter period of time. Furthermore, the evaluation also indicated that another advantage of a systematized process is the lowest probability of some details of the legislation to not be considered in the deployment of requirements. Step Evaluation
Despite considering this as an interesting step, currently, there is not a systematic procedure to search for environmental product-related legislation databases at the company. Consequently, there is not always a critical analysis regarding the databases that are being used, i.e., there is not an evaluation to check whether the database is the most appropriate for the company. Currently, there is not a person responsible for the identification of trends in the company. The databases currently used to obtain the environmental product-related legislation provide notifications about the creation or amendment of legislation, so it also acts as a database for obtaining trends. The company also adopts trends through communication with other companies in the same sector and accompanying political discussions of the legislation already known by the company. Nevertheless, this was considered an important step, because the prediction of legal setting is necessary for the company which have long development cycles.
2
There is not a process for the identification of the relevant legislation in the company, but this step was considered a valid and interesting practice to be applied. The company learns about the relevant legislation through the media, in the news, or by being informed by suppliers.
3
This step is not performed in a systematic way, but each area of the company is responsible for monitoring and analyzing the implications of the relevant legislation. The identification of the main legal topics to be considered is not carried out systematically. The group believes that this step would enable that some details of the legislation are not taken into account in the deployment of requirements.
Group B 4
The group considered this step trivial and claimed to hold this activity. Due to the complex legislative environment that the company is inserted on, the extraction of traceability is normally carried out in their traditional requirement management system.
5
The company already has a structured approach for the establishment of product requirements based on product certifications and executes this practice for certifications. The group considers the definition of the rationale for legislation to be different, since the certifications define exactly what should be done while the legislation does not.
6
This step is not applied in the company and was considered the most interesting by the group. It was considered that the Hohfeld classification could be another tool in the interpretation of legislation. In addition, the definition of the obligation was considered an interesting distinction to be applied to the requirements.
Group C 7
The company already makes use of auxiliary legal text materials to eliminate ambiguity, as proposed by this step. With respect to the unknown terms, the step was considered trivial. The company is inserted in a very specialized sector, and there are several internal and external stakeholders involved in getting updated knowledge related to new trends and concepts.
8
The proposition of requirements in the company is performed intuitively, and the group considered this step to provide a useful way to standardize the content that is extracted for each requirement, since it ensures that for every requirement the same questions will be developed. This consistency check was considered similar to a process already performed in the company, which is called "requirement adherence process." Since this process is not carried out by the group, it was not possible to evaluate the usefulness of this step.
9
This step was also considered interesting by the group, as the company works with legislation of several countries. In practice, they make this comparison intuitively, since they follow European legislation, which, in general, is more restrictive than the Brazilian legislation for their case.
Taking into account the outcome of the expert consultation, it can be concluded that, with respect to its structure, the steps of the guideline fulfill the aims of this study, although there may still be refining needed with respect to the description of each of these steps in order to make them clearer and easier to understand. Furthermore, future research is necessary to test the applicability of the guide in multiple cases studies for theory testing, so as to enable the identification of robust improvement opportunities based on in-depth application of the steps in the case companies.
Final Remarks
In this paper, a guideline to support companies in the identification, analysis, and deployment of product requirements from environmental product-related legislation was proposed and evaluated by an expert group in a manufacturing company. The knowledge about existing legislation is important for businesses, as it allows the maintenance of legal compliance and competitive advantage. Similarly, the knowledge of trends in regard to future legislation is important to allow businesses to be better prepared for legislative updates.
The proposed guideline presents a step-by-step approach to deploy product requirements for compliance, based on environmental product-related legislation. By providing a detailed step-by-step approach for identifying, analyzing, and deploying product-related environmental requirements, the guideline complements standards like the ISO 14006 [75] , which provides overall guidance on how to manage ecodesign implementation in companies and highlights the importance of the identification of legal requirements, and Product-Oriented Environmental Management Systems (POEMS) [76] . Furthermore, the application of the defined legal requirements can be supported by the use of traditional ecodesign tools, such as the Ecodesign PILOT [77] , which supports the development of products with enhanced environmental performance across their life cycle by providing a wide range of ecodesign strategies.
The more legislation used, the more complex the process is, since there is a greater amount of relevant topics to be analyzed and greater quantity of product requirements to be compared at the end of the requirement deployment. The research and conducted expert consultation indicate that the potential benefits of the application of the proposed guideline are related to the: (a) establishment of a systematic process for legislative monitoring, analysis, and deployment; (b) establishment of a more effective and efficient approach towards legislative compliance; and (c) minimization of risks related to non-compliance. The three aforementioned areas represent the main contribution of this research.
Nevertheless, further research is required to validate the developed guideline. These future studies should apply the proposed guideline in case studies in other industrial sectors, as well as involve the completion of the guideline applications in companies in order to evaluate them in practice. One of the hypotheses to be tested is whether the guidelines could also be extrapolated to non-environmental aspects. This is planned to be tested in an upcoming case study.
It is expected that the results of this project can support companies to ensure the implementation of product-related environmental legislation during the PDP, and support academia to have a more systematic approach in analyzing how a given legislation will influence the development of products with increased environmental performance.
